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Study on Fabrication and Visible Light 
Photo(electro)catalytic Activity of Doped TiO2 Nanotube 
Arrays 
Abstract 
As a functional material, nanostructured TiO2 has exhibited attractive 
applications in such fields as energy, environment and materials science due to its 
unique optical characteristics, electric characteristics, photoelectric conversion 
characteristics, biocompatibility and photocatalytic characteristics. In particular, 
nanostructured TiO2 shows promising application prospect in photocatalytic 
degradation of organic pollutants, hydrogen production from water splitting, dye-
sensitized solar cells and so on. Among its various morphologies, the highly ordered 
TiO2 nanotube arrays formed on the surface of Ti substrate by electrochemical 
anodization have attracted much interest because of its good mechanical and chemical 
stability, high specific surface area, fast charge transport properties, facile synthesis 
process and recycle. It has been found that TiO2 nanotube arrays have higher 
photocatalytic activity than TiO2 nanoparticles. However, anatase TiO2 can only 
absorb UV light (λ﹤387 nm) due to its wide band gap (Eg = 3.2 eV), which leads to 
the low solar utilization efficiency. Moreover, industrial application is severely limited 
by high recombination rate of photogenerated electron-hole pairs and low 
photoconversion efficiency of anatase TiO2 photocatalyst. In order to resolve above 
problems, continuous efforts have been made to explore new preparation methods and 
modification techniques for TiO2 nanotube arrays to enhance the separation rate of 
photogenerated carriers, extend the optical absorption of TiO2 nanotube arrays into the 
visible-light range and finally realize the photocatalysis by utilizing the solar energy 
effectively. 
This work is aimed at extending the photoresponse range of TiO2 nanotube arrays, 
restraining the recombination of photogenerated electron-hole pairs and increasing the 















independently through three simple and feasible methods including ultrasound-
assisted impregnation, ultrasound combining with hydrothermal and anodization 
following wet immersion and annealing post-treatment to extend photoresponse range. 
Moreover, an anode bias voltage was applied, that is, the photoelectrocatalysis, to 
enhance the separation efficiency of photogenerated electron-hole pairs. The 
morphology, composition, crystalline phase, structure and photoresponse performance 
of the doped TiO2 nanotube arrays were characterized by SEM, TEM, XPS, AES, 
XRD, Raman, UV-vis absorption and photoluminescence. The photoelectrochemical 
activity of the TiO2 nanotube arrays before and after doping was examined by 
photocurrent spectroscopy and electrochemical impedance spectroscopy. The 
photocatalytic (photoelectrocatalytic) activity of the samples was evaluated by the 
degradation of methylene blue (MB) and rhodamine B (RhB) aqueous solution under 
visible light irradiation, respectively. The main progress and results of this work are 
outlined as following: 
1. Fe incorporated TiO2 nanotube arrays were prepared by an ultrasound-assisted 
impregnating-calcination. The result showed that α-Fe2O3 nanoparticles were 
uniformly deposited on both the mouth and walls of the TiO2 nanotubes. 
Meanwhile, some Fe3+ ions were doped into TiO2 lattice. The Fe-TiO2 nanotube 
arrays exhibited excellent photo-response and the photo-absorption edge appeared 
red shift gradually with the ultrasonic time extension. Photoluminescence (PL) 
and electrochemical impedance spectroscopy (EIS) analyses revealed that the 
separation and transportation rate of the photo-generated charge carriers were 
efficiently promoted due to the introduction of Fe. Degradation measurement of 
MB solution under visible light irradiation showed that the Fe-TiO2 nanotube 
arrays had higher photocatalytic activity than the pure TiO2 nanotube arrays under 
the same condition. The highest degradation efficiency was obtained on the Fe-
TiO2 nanotube arrays sample prepared by pre-sonicating for 5 min and annealing 
at 500 oC, with a 1.2-fold enhancement compared with pure TiO2 nanotube arrays. 
2. N doped TiO2 nanotube arrays were synthesized by ultrasound-assisted dipping 
combined with hydrothermal method. The photo absorption edge of TiO2 
nanotube arrays appeared red shift to visible light range due to N doping. The 
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